Since its outburst in 1997 GS 1354-64 stayed in quiescence. In June 2015 renewed activity of GS 1354-64 was observed. Based on our analysis of energy spectra and timing properties obtained from Swift/XRT monitoring data we found that GS 1354-64 stayed in the hard state during the entire outburst. Such a hard state only (or "failed" outburst) has also been observed in 1997. In addition, we analysed an XMM-Newton observation taken on August 6th. We compared variability on long and short time scales using covariance ratio and found that the ratio showed a decrease towards lower energies instead of the increase that has been found in other black hole X-ray binaries. There are now two sources (H 1743-322 and GS 1354-64) that do not show an increase towards lower energies in their covariance ratio. Both sources have been observed during "failed" outbursts and showed photon indices much harder than what is usually observed in black hole X-ray binaries.
INTRODUCTION
GS 1354-64, located at a distance of 25 -61 kpc (Casares et al. 2009) , was discovered by the all sky monitor onboard the Ginga satellite (Swinbanks 1987) during an outburst in 1987 (Makino 1987) . During this outburst GS 1354-64 showed spectra dominated by thermal emission form an accretion disc with a power law tail at energies above 10 keV. This kind of spectra is typically observed during the high-soft state (HSS) of a black hole X-ray binary (BHB). There are two other transient sources -Cen X-2 (Francey 1971) and MX 1353-64 (Markert et al. 1979 ) -which have been discovered earlier and which positions are consistent with the one of GS 1354-64. Cen X-2 is one of the brightest X-ray transients and was also observed during HSS (Tanaka & Lewin 1995) , while MX 1353-64 was observed during low-hard state (LHS) when the spectrum is dominated by non-thermal emission of a hot Comptonizing plasma. In case these three sources are the same source, it would show different spectral states during an outburst like most known BHBs do. Another outburst of GS 1354-64 has been detected by RXTE in 1997. During this outburst GS 1354-64 was about a factor 3 fainter than during the 1987 outburst (Revnivtsev et al. 2000) . Analysis of RXTE spectra and power density spectra showed that GS 1354-64 stayed in the LHS during the entire outburst (Revnivtsev et al. 2000; Brocksopp et al. 2001) .
GS 1354-64 showed another outburst between June and September 2015 that was followed by Swift/XRT observations Based on observations obtained with XMM-Newton, an ESA science mission with instruments and contributions directly funded by ESA Member States and NASA.
† E-mail: hstiele@mx.nthu.edu.tw (Miller et al. 2015) . During its 2015 outburst GS 1354-64 reached about the same brightness as during the 1997 outburst. The spectral and timing analysis presented in this paper showed that GS 1354-64 stayed in the LHS during the entire outburst.
OBSERVATIONS AND DATA ANALYSIS
In this paper, we present a comprehensive study of the spectral and temporal variability properties of GS 1354-64 observed during its 2015 outburst. Renewed activity of the source was detected in the Swift/BAT and MAXI monitoring observations.
Swift
A series of Swift/XRT observations have been taken to trace the outburst evolution. Here we analysed all Swift/XRT observations of GS 1354-64 taken in windowed timing mode between June 10th and September 20th. We extracted energy spectra of each observation using the online data analysis tools provided by the Leicester Swift data centre 1 , including single pixel events only. In addition, we extracted power density spectra (PDS) in the 0.3 -10 keV energy band, following the procedure outlined in Belloni et al. (2006) . We subtracted the contribution due to Poissonian noise (Zhang et al. 1995) , normalised the PDS according to Leahy et al. (1983) and converted to square fractional rms (Belloni & Hasinger 1990) . The PDS were fitted with models composed of Figure 1 . Hardness-intensity diagram, derived using Swift/XRT count rates. Each data point represents one observation. Observations in which a type-C QPO has been detected are marked by (green) triangles, and the (red) star indicates the first observation.
zero-centered Lorentzians for band-limited noise (BLN) components, and Lorentzians for quasi-periodic oscillations (QPOs).
XMM-Newton
An XMM-Newton ToO observation of GS 1354-64 was taken on August 6th 2015 (Obs. id.: 0727961501) with the EPIC/pn camera in timing mode. The exposure was 11.1 ks. We filtered and extracted the pn event file, using standard SAS (version 14.0.0) tools, paying particular attention to extract the list of photons not randomized in time. After using the SAS task epatplot to investigate whether the observation is affected by pile-up, we selected source photons from two stripes (30 RAWX 35 and 39 RAWX 44) centred on the column with the highest count rate to minimize the effect of pile-up. This selection results in an observed pattern distribution that follows the theoretical prediction quite nicely. We selected single and double events (PATTERN 4) for our study.
We produced PDS in different energy bands for the whole observation. As for the Swift data, the contribution due to Poissonian noise was subtracted and the normalised PDS were converted to square fractional rms.
RESULTS

Swift data
Spectral properties
Using the Swift/XRT data we determined the source count rates in the total (0.8 -10 keV), soft (0.8 -3 keV), and hard (3 -10 keV) energy band, and derived a hardness ratio by dividing the count rate observed in the hard band by the one obtained in the soft band. The HID of the 2015 outburst of GS 1354-64 is shown in Fig. 1 and the light curve in Fig. 2 . After the detection of the outburst the source shows an increase in count rate and the HR softens. This is the "classical" behaviour of a BHB observed at the beginning of an outburst. After about 23 days the HR falls below 0.54. In the then following 18 days the count rate increases until the maximum count rate is reached on day 41; then follows a decrease in count rate. During all this time the HR stays around 0.5 (0.47 -0.54). After day 94 the HR starts to harden. This shows that GS 1354-64 remains in the hard state during its entire outburst never making it into the soft state. This type of outburst, which is a. k. a. "failed" outburst, has also been observed in the previous (1997) outburst of GS 1354-64, and in other sources like H 1743-322 (Capitanio et al. 2009; Stiele & Yu 2016) , XTE 1550-564 (Sturner & Shrader 2005) , Aql X-1 (Rodriguez et al. 2006) , Swift J174510.8-262411 (Del Santo et al. 2015) , and V404 Cyg, A 1542-62, 4U 1543-475, GRO J0422+32, GRO J1719-24, GRS1737-21 (Brocksopp et al. 2004) .
We used Xspec (V. 12.8.2; Arnaud 1996) to fit the energy spectra in the 0.8 -10 keV range. Softer energies (below 0.8 keV) are omitted as the spectra are affected by a turn-up in this energy range, which is due to RMF redistribution modelling issues 2 . Spectra were grouped to contain at least 20 counts in each bin. Grouping data allows us to use χ 2 minimisation to obtain the best fit. The observed spectra can be well described by an absorbed (tbabs; Wilms et al. 2000) power law model. Individual spectral parameters, using the abundances of Wilms et al. (2000) and the cross sections given in Verner et al. (1996) , and reduced χ 2 values are given in Table 3 . The temporal evolution of the foreground absorption, photon index, and power law normalisation are shown in Fig. 3 . While the photon index shows an increase followed by a decrease during the outburst, it remains hard during the whole outburst. At the beginning of the outburst photon indices in the range of 1.3 -1.4 are observed, while at the end photon indices are in the range of 1.4 -1.5. Photon indices below 1.6 are unusually low for a BHB. The highest photon indices of about 1.6 are observed during outburst decay about 30 -35 days after the maximum luminosity has been reached. The obtained photon indices depend on the observed foreground absorption as both parameters are correlated (e. g. a higher foreground absorption will lead to a smaller photon index). Using the averaged foreground absorption of n H = 8.6 × 10 21 cm −2 , the highest photon indices are reached during outburst rise, about 6 -12 days before the maximum luminosity has been reached, and during the remaining outburst the photon indices decrease slowly. Although the evolution of the photon index depends on the assumed foreground absorption (variable versus constant), the range of observed photon indices is the same in both cases. From spectral fits of RXTE data of the 1997 outburst of GS 1354-64 a photon index of about 1.4 to 1.5 has been obtained (Revnivtsev et al. 2000) . The hard photon index indicates that the source remained in the hard state during the entire outburst. Using the obtained spectral parameters we converted the highest observed Swift/XRT count rate into an RXTE/PCA count rate using PIMMS. Comparing the count rate to the ones presented in Brocksopp et al. (2001) for the 1997 outburst, we found that a similar maximum brightness was reached in both outbursts. The evolution of the (un-)absorbed flux during the 2015 outburst obtained from the spectral fits is shown in Fig. 3 .
Timing properties
In general the PDS show a BLN component. For observations taken during outburst rise a peaked noise component with a characteristic frequency (ν max = √ ν 2 + ∆ 2 , where ν is the centroid frequency, and ∆ is the half width at half maximum Belloni et al. 2002) in the range of 0.03 -0.15 Hz is present. The overall evolution of the characteristic frequency of this feature is an increase with ongoing outburst. During the entire outburst the observed fractional rms was higher than 10 per cent, which confirms that the source stayed in the hard state, as the transition to the soft intermediate state happens at fractional rms below 10 per cent ). For observations taken on day 54, 55, 56, 58, 60, 63, and 78 of the outburst a type-C QPO (Wijnands et al. 1999; Casella et al. 2005 ) is present (parameters can be found in Table 4 ). All these observations are taken after the outburst reached its maximum (Fig. 2) . The characteristic frequency of the QPO is in the range of 0.17 -0.25 Hz, and the highest frequency is observed in the observation that shows the first peak in the light curve after the outburst maximum. The obtained Q values (Q = ν/(2∆)) of these QPOs are 4.5. For the observations taken on day 55 and 58 an upper harmonic (day 55: Q uh =5.4, ν max;uh = 0.42 ± 0.02 Hz; ν max;qpo = 0.18 ± 0.01 Hz; day 58: Q uh >47.5, ν max;uh = 0.399 Notes: ‡ : assuming a distance of 25 kpc (Casares et al. 2009) model A: TBabs × powerlaw model B: 
XMM-Newton data
Timing properties
The soft band PDS (1 -2 keV) can be well fitted by one zero centered Lorentzian describing the BLN component, one peaked Lorentzian for the QPO at 0.192 ± 0.002 Hz and two peaked Lorentzians for two noise components that peak at 0.11
−0.01 and 0.47
−0.03 Hz (Fig. 4) . The broadband PDS (2 -10 keV) can be fitted with the same components (see Table 1 ). To study the energy dependence of the rms amplitude and of the characteristic frequency we fit PDS obtained in energy bands with a width of 2 keV, namely: 1 -3, 3 -5, 5 -7, and 7 -9 keV. The characteristic frequency of the BLN component (red crosses in upper panel of Fig. 5) shows a slight increase with increasing energy. This energy dependence of the characteristic frequency has already been observed during LHS observations of other BHBs (Stiele & Yu 2015) .
We also derive covariance ratios by dividing the long timescale covariance spectrum by the short timescale one. The covariance spectra are derived following Wilkinson & Uttley (2009) and Stiele & Yu (2015) . Taking a look at the PDS (Fig. 4) we use bins of 8 times the frame time measured in segments of 30 bins for the short timescale range and bins of 646 times the frame time measured in segments of 70 bins for the long timescale range. With this selection we compare variability measured in the flat part of the PDS to the one measured in the decaying part, excluding contribution from the QPO. The obtained covariance ratios are shown in Fig. 6 . At energies above 1 keV the covariance ratios are flat, while at lower energies the covariance ratio decreases with decreasing energy. This behaviour clearly differs from the increase of the covariance ratio towards lower energies, which has been found in later phases of the LHS in GX 339-4 and Swift J1753.5-0125 and has been interpreted as the sign of additional disc variability on longer timescales ( 
Spectral properties
We fit the averaged EPIC/pn spectrum within isis V. 1.6.2 (Houck & Denicola 2000) in the 0.8 -10 keV range, grouping the data to ensure that we have at least 20 source counts in each bin. We exclude the energy range between 1.7 and 2.4 keV from the EPIC/pn spectrum, as this energy range is affected by features caused by gain shift due to Charge-transfer inefficiency around 1.8 and 2.2 keV. We include a systematic uncertainty of 1 per cent. Using an absorbed power law model, as we did for the Swift data, and including an additional Gaussian component to model the excess emission below 1.3 keV (Hiemstra et al. 2011; Díaz Trigo et al. 2014) , we obtain a foreground absorption of 8.36 (Fig. 7) . The individual spectral parameters are given in Table 2 . Including a disc blackbody and reflection, the photon index gets even lower (Γ = 1.44 +0.06 −0.05 ). The obtained inner disc temperature of 0.62 +0.03 −0.04 keV is lower than what has been observed with RXTE for a hard state (kT in ∼ 0.8 − 0.9 keV; see e. g. Motta et al. 2010 Motta et al. , 2011 . The inner disc radius is at least 55.6 +5.2 −3.6 km/ √ cos(θ) (assuming a distance of more than 25 kpc), which is bigger than what has been observed with RXTE in other BHBs (R in ∼ 40 km; see e. g. Motta et al. 2010 Motta et al. , 2011 ). This can be related to the fact that RXTE allowed only to get energy spectra above 3 keV, in the energy range that is dominated by non-thermal emission in the LHS, and therefore no disc component was need to fit these spectra.
To compare the energy spectrum to those obtained in Stiele & Yu (2015) we also fit the model used in this paper, which includes a high-energy cutoff component (highecut) instead of a reflection component. We got an acceptable fit with χ In addition, we substitute the reflected non-thermal component by the relativistic reflection model relxill García et al. 2014 ) and obtain a fit with χ 
DISCUSSION
We used Swift/XRT and XMM-Newton/EPIC pn data to study the 2015 outburst of GS 1354-64. The spectra obtained from the Swift monitoring data can be fitted with a power law model with a photon index in the range of 1.3 -1.6. This indicates that the source stays in the hard state during the entire outburst. This result is confirmed by the timing properties.
Before the 2015 outburst GS 1354-64 showed an outburst in 1997 during which it also stayed in the LHS during the entire outburst (Revnivtsev et al. 2000; Brocksopp et al. 2001) . During the 1997 outburst a similar photon index was observed (Γ = 1.4 − 1.5; Revnivtsev et al. 2000) . There are three even earlier detections of X-ray activity of transient sources that can be spatially related to GS 1354-64. During two of these detections the source was in the HSS, while the remaining one caught a source in the LHS (see Tanaka & Lewin 1995, and references therein) . In case all observations are related to the same source this source shows "normal" outbursts with LHS and HSS and so-called "failed" outbursts where it stays in the LHS during the entire outburst. A BHB that is known to show both types of outbursts is H 1743-322 (Stiele & Yu 2016 , and references therein). Unlike GS 1354-64 H 1743-322 shows outbursts quite frequently. Another possibility is that only the "failed" outbursts are related with GS 1354-64 and that the HSS are from a nearby transient source. About ten X-ray binaries (including neutron stars and black holes) are known that have only been observed during outbursts where they stayed in the LHS (Capitanio et al. 2009 , and references therein). To be certain that GS 1354-64 belongs to the type of BHBs that show "normal" outbursts we would need to observe a HSS with a modern X-ray satellite that allows to confirm that the thermal X-ray emission is spatially consistent with the position of GS 1354-64 obtained during the observation of the Comptonized emission during the 2015 outburst.
The covariance ratio obtained from the XMM-Newton observation decreases with decreasing energy below 1 keV, while the one obtained for LHS observations of GX 339-4 and Swift J1753.5-0125 increases with decreasing energy (Wilkinson & Uttley 2009; Stiele & Yu 2015) . The increase of the covariance ratio towards lower energies has been interpreted as a sign of additional disc variability on longer timescales. Thus the decrease observed in GS 1354-64 can be either regarded as a sign of missing disc variability on longer timescales or as a sign of additional variability on short timescales. For two observations of H 1743-322 taken during the 2008 and 2014 "failed" outbursts we also found covariance ratios that do not show an increase at lower energies. In case of H 1743-322 the covariance ratios remained rather flat (Stiele & Yu 2016) .
In Stiele & Yu (2015) we investigated the energy dependence of the characteristic frequency of the band-limited noise in PDS and found that for a noise component with a characteristic frequency above 1 Hz the characteristic frequency in the 1 -2 keV band is lower than in the 4 -8 keV. From the XMM-Newton data of GS 1354-64 we obtain a characteristic frequency of 2.85 +0.85 −0.66 Hz in the 1 -2 keV band which is lower than the characteristic frequency of 4.64 +1.53 −1.14 Hz in the 4 -8 keV band, although this result is not significant as the errors are big. The sources investigated in Stiele & Yu (2015) showed either an increase of the covariance ratio towards lower energies or the covariance ratio was flat. The fact that we observe the same energy dependence of the characteristic frequency as in Stiele & Yu (2015) while the energy dependence of the covariance ratio at soft energies is inverted gives additional evidence that there is no connection between the energy dependence of the characteristic frequency and the covariance ratio. In the cases of H 1743-322 where we found flat covariance ratios there is no energy dependence of the characteristic frequency (Stiele & Yu 2015 , 2016 .
Fitting the energy spectrum with the same model that has been used in Stiele & Yu (2015) , we found that the energy spectrum of GS 1354-64 differed significantly from those studied in Stiele & Yu (2015) . The inner disc temperature of GS 1354-64 is significantly higher than the temperatures found in the previous study, while the disc blackbody normalisation, photon index, and cut-off and fold energies are lower. With a higher inner disc temperature and a smaller inner disc radius the observed covariance ratio cannot be explained by a faint disc component and it is more likely that the differences in covariance ratio are related to some changes in the accretion process. We note that all three observations that do not show increasing covariance ratio towards lower energies have energy spectra that require a rather low photon index and were taken during "failed" outbursts. Therefore different shapes of covariance ratio, although observed at soft energies, might be driven by changes in the Comptonizing component or they indicate changes in the accretion geometry that determine if a BHB goes into a "normal" or "failed" outburst. In the case of H 1743-322 the different shape of the covariance ratio can also be related to the higher inclination angle of this source in comparison to the inclination of GX 339-4 or Swift J1753.5-0125 (Stiele & Yu 2016) . For GS 1354-64 the inclination angle is not known.
A further investigation of these different possibilities must be the aim of future studies as more data are needed. Further insight can be obtained by observations of other sources during a "failed" outburst or at high inclination to extent the size of the sample or by an observation of H 1743-322 in an early LHS with XMM-Newton during a "normal" outburst. 
